We study R-parity violating contributions to the mixing parameter y for
This fact severely constrains the contributions to Γ 12 from NP. Due to this reason there is less theoretical work on new physics contributions to Γ 12 than that for M 12 . In this work, we study the Γ 12 parameter in the present of NP, taking SUSY R-parity violating (RPV) interaction as an explicit example.
There are three types of R-Parity violating (RPV) terms [5] : 
T . We will consider each of these R-parity contributions to ∆Γ 12 for meson mixing separately. In that case, as the term proportional to λ ijk involves only leptons, it will not contribute to meson mixing, since we are not considering pairs of λ ijk and λ ′ ijk couplings to be non-zero at the same time. We only need to consider the last two terms up to one loop level.
At the tree level, we have the following terms relevant to us by exchange s-fermions,
The first two terms in
d,s mixing. It is clear that from the above Lagrangian at the tree level, non-zero M 12 can be generated.
Constraints have been obtained using ∆M for various meson mixing. However, in order to generate a non-zero Γ 12 additional loop corrections are needed from the above four fermion interactions.
There are short and long distance contributions to y or Γ 12 . The calculations for long distance contributions are very difficult to handle due to our poor understanding of QCD at low energies. It is expected that long distance contributions become less and less important when energy scale becomes higher and higher, and perturbative short distance contributions will become the dominant one. We therefore will restrict ourselves to mesons containing 
which gives y SM = 0.078 ± 0.025. The DØ experiment has measured this width difference [7] (see also [8] [3] . From these results the authors in [11] have fitted the mixing parameters and get the following result for y with 68% and 95% probability correspondingly
In this work, we find that R-parity violating contribution to the parameter y is small for In the following sections, we provide the detailed calculations.
II. GENERAL EXPRESSION FOR Γ 12
Before going into specific RPV model calculations, we summarize some general results for short distance NP contribution to Γ 12 from four quark operators generated by SM and NP. The calculation is straightforward. Starting from tree level four quark interactions, one needs to obtain the absorptive part for Fig.1 . Let us take D 0 −D 0 mixing for illustration.
For the cases considered here, we can write the ∆C = −1 interaction Lagrangian as
In the above we have omitted possible Lorentz indices for Γ i which are contracted. The specific form of Γ i depends on the nature of interaction generating the four quark operators.
The notations here are that Γ 1,2 (3, 4) and Γ 3,4 (1, 2) should appear on the left and right four quark vertices in Fig. 1 , respectively. Evaluating the diagram in Fig. 1 , one obtains the following general expression for Γ 12 ,
where
The operators are defined as
and the coefficients I α (x, x ′ ) are given by
where Using the above formula, one can easily work out the expressions contributing from the SM (taking SM operators for Q 1,2,3,4 ), the interference between the SM and NP (SM -NP) (taking Q 1,2 from SM (NP) and Q 3,4 from NP (SM)), and purely NP (NP -NP) (taking Q 1,2,3,4 from NP). New physics effects can show up in the later two cases. We will concentrate on these contributions.
We comment that the fermions in the loop are not necessary to be quarks. They can be leptons too. If one identifies q and q ′ to be leptons, the correct result can be obtained by Contributions from λ ′ interaction to Γ 12 are given by
The first equation in Eq. (9) is the leading order result in x s . Depending on the internal lepton exchanges, in the expression for Γ 12(RP V −RP V,l) the indices i, j take 1 and 2 indicating which charged leptons are in the loop. In principle, one can also have an electron and a tauon in the loop. However, the tauon mass is close to the D meson mass, the contribution is suppressed by phase space. We will neglect this contribution. In the expression for Note that the SM-RPV contribution is proportional to the internal quark masses and the dominant one comes from ss in the loop. This is due to the chiral structure of Γ i which allow only O ijkl 5
to contribute and therefore proportional to the function
In obtaining the expression for Γ 12(SM −RP V ) , we have used the SM ∆C = −1 Lagrangian,
with Γ 1 and Γ 2 in Eq. (5) to be γ µ (1 − γ 5 )/2 and γ µ (1 − γ 5 )/2, respectively.
The contributions from λ ′′ interaction come from the first term in L ef f (λ ′′ ) and are given by
In first equation of Eq. (11), as in the first equation of Eq. (9), we only kept the leading order in x s . The SM-RPV contribution is dominated by ss pair in the loop for the same reason as that for the λ ′ case for SM-RPV contribution explained earlier.
Here we should mention that recently in Ref. [12] the authors have considered RPV with slepton and squark exchanges for SM-NP contributions. Our predictions in the first equations in Eqs. (9) and (11), for the same measurable, do not agree with their Eqs. (16) and (24), respectively.
IV. RPV CONTRIBUTIONS TO
In this case all terms except the first term in L ef f (λ ′ ) contribute to Γ 12 .
A. The λ ′ contribution
The expressions for Γ 12 from various contributions are given by
where j, j ′ take the values 1 and 2.
and
Here for B d and B s systems, k takes 1 and 2, respectively.
The five different contributions to Γ 12 listed above come from the second, first and sixth, fourth and fifth, second and third terms in L ef f (λ ′ ), respectively.
B. The λ ′′ Contribution
In this case we have
where i, i ′ take the values 1 and 2. The first two terms are due to the first term in L ef f (λ ′′ ), and the last term is due to the second term in L ef f (λ ′′ ).
The SM-RPV interference is dominated by cc exchange in the loop for the same reasons as that for the ss dominance for SM-RPV D 0 −D 0 mixing.
V. NUMERICAL ANALYSIS
In
In our numerical analysis, we assume CP conservation for easy comparison with data and other constraints obtained in the literature.
To compare with data, one needs to evaluate various hadronic matrix elements in the expressions for Γ 12 . We write them in the following form
where B Q factors are the so called bag parameters [14] . This way of parameterizing the matrix elements was inspired by vacuum saturation approximation. In the vacuum saturation approximation, they are all equal to one, which we will use in our estimate.
In the Table I we list the parameters and coefficients appearing in the equations above.
The input CKM elements are [16] λ ≡ |V us | = 0.2248, Aλ 2 ≡ |V cb | = 41.5 × 10 −3 .
The charm quark mass also comes into the calculations. In our numerical analysis we identify To give some understanding of RPV contributions, in the following analysis we take the central values for the input parameters. 
The λ ′′ contributions are given by
There are constraints on the RPV parameters from various other processes [17, 18, 19] .
Taking these constraints into account, we list in Table II the corresponding values for the mixing parameter y.
For the contribution due to the λ ′ terms, using the constraint |λ 
TABLE II: The bounds on parameters from [17, 18, 19, 20, 21] and corresponding values for y.
leads to
To see the largest possible value for y, we sum these three with the same sign to obtain an upper bound
This contradicts with the result obtained in Ref. [12] , where y can be as large as ≃ −3.7%.
As for the contributions from λ ′′ , from the constraint |λ −28λ
For λ ′′ contributions, we have
We list various constraints on relevant RPV parameters and corresponding values for y in Table III. For y (SM −RP V ) , we keep only the two terms proportional to λ cc1 and λ uc1 since the other two terms are proportional to V ub . We obtain, Table III , y (SM −RP V ) 1 and y (SM −RP ) 2 indicate contributions from the first and the second term in λ q′q1 .
Using constraints from [22] , we have |λ
gives y ≈ 1 × 10 −4 . This value is much less than the SM prediction.
For y (RP V −RP V,ν(l)) , using the constraints |λ
, from [19] we find that the corresponding upper bounds:
As for the contribution y (RP V −RP V,u) , there are four terms with j, j ′ take values 1 or 2.
Taking the explicit constraints from Ref. [22] , |λ
, and |λ
, we find that the dominant contribution is from the case j = j ′ = 1 which gives the upper bound y (RP V −RP V,u) ≃ 1.1×10 −4 . In the same way for the contribution y (RP V −RP V,d) , taking the constraints from [22, 24] , the dominant part is from λ
We find the value for y (RP V −RP V,d) can be as large as 7 × 10 −3 . This is about three times larger than the SM contribution.
Contributions from λ ′′ are also constrained. Ref. [25] considers the decay mode B − → φπ For λ ′ contributions, we have
RPV parameters Bounds [Processes] Estimate
Our bounds on RPV are used to put the constraints. For each number see the text for the explanation.
We list the constraints on the RPV parameters from [17, 19] and the corresponding values for the mixing parameter y in Table IV .
There are several terms contributing to y from λ ′ . For y (SM −RP V ) case we again drop terms proportional to V ub , and have,
We are using constraints from Ref. [23] we have |λ
The first term dominates and gives y (SM −RP V ) ≃ 0.1, which is of order of SM prediction y SM ≃ 0.078 and may have measurable effect.
For y (RP V −RP V,ν) , we have three contributions. For first and second contributions using the following conditions on RPV parameters |λ
, we get
For the last term, we obtain y (RP V −RP V,ν) ≃ 3.5 × 10 −4 . If we simply add them together we will get y (RP V −RP V,ν) ≃ 7 × 10 −4 .
For y (RP V −RP V,l) , the situation is the same as the second term of (RP V − RP V, ν) case.
In the case for y (RP V −RP V,u) , if one uses the individual constraints from [19, 23, 24] (λ case one also can expect large effects for y. We also obtain some interesting bounds on R-parity violating parameters using known Standard Model predictions and experimental data.
